uncertain because of the difficulty in detecting these lesions with imaging studies in this small and complex joint. 2 With a wider use of wrist arthroscopy, the diagnosis is more apparent. There is still, however, a paucity of treatment options for focal chondral lesion. Whipple recommended arthroscopic drilling for small chondral defects of 5 mm or less. 3 For larger lesions, the best treatment method remains unknown. We performed an arthroscopic-assisted implantation of an osteochondral autograft from the knee joint in four patients for the treatment of of focal chondral defect in the distal articular surface of the radius with satisfactory clinical results.
Patient Series
Between December 2006 and December 2010, we operated on four patients with a posttraumatic localized osteochondral lesion over the dorsal aspect of the lunate fossa of the distal radius. There were three male patients and one female patient with an average age of 31 years (range 24-41 years). The affected sides were the dominant right wrists. They all presented with chronic central dorsal wrist pain and loss of motion after an injury. The average duration of symptoms prior to surgery was 28.3 months (range 11-71 months). All patients had preoperative imaging, including a computed tomography (CT) scan, magnetic resonance imaging (MRI), or both. The definitive diagnosis was confirmed by arthroscopy. In the first three cases, the lesions were located at the dorsal lunate fossa measuring 6 Â 8mm, 4 Â 8mm, and 4 Â 6 mm, respectively. In the last patient, the lesion extended from the dorsal to the central lunate fossa and measured 8 Â 10 mm. We performed an arthroscopic transplantation of an autogenous osteochondral graft taken from the knee. In three patients, one single osteochondral plug 6 mm in diameter was implanted, while in the last case, two osteochondral grafts were implanted. Two patients underwent additional procedures for other associated pathology in the wrist, including an arthroscopic-assisted reconstruction of the scapholunate ligament with a tendon graft in one patient and an ulnar shortening osteotomy plus an arthroscopic repair of a torn ulnocarpal ligament in another patient. All patients were assessed by an occupational therapist before the index procedures, during and at the final followup. The range of motion (ROM) of the wrist, grip strength, wrist functional performance score, pain score, and return to work status were charted. The wrist functional performance score developed by our hospital was modeled on the findings of D. L. Nelson.
4 It consists of ten common standardized tasks of activities of daily living (ADL) to be performed by the patient under the scrutiny of an occupational therapist (►Table 1). 5, 6 The performance on each task was rated by the therapist according to a 4-point scale, giving a maximum total of 40 for a normal performance of the complete test (►Table 2). A pain score on a 3-point scale was rated by the patient according to the pain level perceived during the performance of each ADL task. The total score ranged from zero to a maximum pain level of 20 points (►Table 3). Postoperative CT scan or MRI was performed to assess incorporation of the osteochondral graft. X-ray was used to monitor degenerative change. In three patients, a second-look arthroscopy was performed to evaluate the status of the chondral graft directly. A biopsy was performed in one case.
Surgical Technique
In all patients, diagnostic arthroscopy under local anesthesia was performed prior to the index procedure to evaluate the cause of the chronic wrist pain and to confirm the location of the osteochondral lesion. The osteochondral grafting was performed under general anesthesia on a separate day after an informed consent was obtained from the patient. The patient was placed in the supine position with the operated arm supported on a hand table. A vertical joint traction force of 4-6 kg was applied Arthroscopic Osteochondral Grafting for Radiocarpal Joint Defects Ho et al. 213
through a wrist traction tower. We employed continuous saline irrigation of the joint with a 3 L bag of normal saline instilled under gravity. A diagnostic inspection of the radiocarpal joint was performed with a 2.7-mm arthroscope introduced through the 3-4 portal. Synovitis over the dorsal aspect of the lunate fossa was débrided with a 2.0-mm shaver and radiofrequency probe inserted from the 4-5 portal to uncover the underlying osteochondral lesion. The true extent of the lesion was measured using a probe. The proximal aspect of the lunate articular surface was assessed. Excessive cartilage damage is a contraindication to the use of the osteochondral graft.
The arthroscope was then placed in the 4-5 portal. We used the Osteoarticular Transfer System (OATS; Arthrex, Naples, FL) for both harvest and graft implantation. The 3-4 portal was gently dilated with a small hemostat, and a 6-mm recipient harvester with the obturator from the OATS set was carefully inserted into the joint. The wrist was passively flexed to $50°while still in traction (►Fig. 1). This maneuver moves the dorsal lip of the lunate palmarward and opens up the space between the lunate and the lunate fossa to accommodate the harvester. With the harvester positioned vertically and perpendicular to the osteochondral lesion at least 2 mm from the dorsal articular margin, the trephine was driven into the osteochondral defect for 10-12mm while the depth gauge was observed arthroscopically (►Fig. 2). A cylindrical plug of bone containing the osteochondral defect was then removed.
The donor site was the knee of the nondominant leg. The graft was harvested according to the technique described by Hangody et al. 7 Through a small incision, a 6-mm donor harvester was inserted in the sulcus terminalis of the lateral femoral condyle to a depth slightly longer than that in the wrist (►Fig. 3). The defect in the knee could partially be replaced by the cancellous bone obtained from the recipient site.
A short transparent plastic delivery tube was attached to the tip of the donor harvester containing the osteochondral plug. It was then gently inserted into the defect through the 3-4 portal with the aid of a rotating dial (►Fig. 4). Graft insertion was monitored through the plastic sheath (►Fig. 5). The harvester was removed when the graft was flush with the articular surface. A plastic tamp was used to press-fit the plug. Any articular step-off was trimmed with an arthroscopic knife. The graft was generally very stable, and no internal fixation was required.
The wounds were apposed with adhesive surgical tape strips, followed by a bulky compressive dressing. A wrist splint was used for 2-4 weeks, and the patient was instructed to perform gentle active wrist motion from day 3. Passive motion was instituted at 4-6 weeks. Active use of the hand in self-care and daily activities was allowed, but load bearing of the wrist was discouraged for the first 6 weeks.
Result
In all cases, the osteochondral grafts were shown by CT scan or MRI to have completely incorporated in the host bone by 3-4 months postoperative. A second-look arthroscopy at 6-9 months postoperative in three patients confirmed the preservation of normal articular cartilage in the grafted area. There was a 1-2-mm rim defect between the graft and the host cartilage. A biopsy of the grafted area in one patient confirmed viable hyaline cartilage. In one patient, a third-look arthroscopy at 29 months postoperative showed complete coverage of the junction defect by cartilage (►Fig. 6).
At the final follow-up of average 48.5 months (range 24-68 months), all patients showed an improvement in the wrist performance score (preoperative 27.5 AE 6.4, postoperative 39.0 AE 1.7 on a 40-point scale) and pain score (preoperative 9.5 AE 2.2, postoperative 0.5 AE 0.9 on a 20-point scale). Grip strength improved from 62.6 AE 9.0% to 98.2 AE 7.6% of the contralateral side. Wrist motion improved from a flexion/ extension arc of 115.5 AE 28.8°to 131.3 AE 23.6°. Two patients returned to their previous occupation, while the other two other patients could not do so for other medical reasons. They were all satisfied with the procedure. The surgical scars were inconspicuous. Followup X-ray showed good graft incorporation, with no joint space narrowing or other sign of degeneration. There was no complication of infection or tendon or nerve injury in this series.
Case Illustration
A 28-year-old man sustained a fracture of his right distal radius during a basketball game in 1993, when he was 15 years old. He was treated with a plaster cast, and the fracture healed uneventfully. He presented to us in 2000 with Fig. 4 The 6-mm OATS harvester with the osteochondral graft on was inserted into the wrist joint through the 3-4 portal. The graft was delivered into the defect with the dialed pusher. increasing, poorly localized wrist pain, easy fatigue, and coarse crepitus over the dorsal central part of his right wrist that interfered with his work as a mechanic. X-rays did not reveal any articular abnormality (►Fig. 7). A CT scan showed a possible osteochondral lesion over the dorsal lunate fossa (►Fig. 8).
Wrist arthroscopy in September 2000 revealed a localized 6 Â 8 mm osteochondral defect over the dorsal aspect of the lunate fossa, accompanied by localized synovitis and a type 1a triangular fibrocartilage complex (TFCC) tear (►Fig. 9). The synovitis and TFCC tear were débrided. The osteochondral defect was drilled. However, the joint pain and crepitus persisted, and he failed a second arthroscopic débridement in February 2003. It was also noted that a corresponding kissing chondral lesion measuring 2 Â 6 mm, of Outerbridge grade 3-4, had developed over the proximal aspect of the lunate. Grip strength was reduced to 20 kgf or 50% of the unaffected side. The combined extension/flexion range of the wrist was 130°. His wrist performance score was 34 out of 40 and pain score was 6 out of 20. Finally, in December 2006, an arthroscopic-assisted 6-mm diameter Â 15-mm long osteochondral autograft, harvested from the left knee lateral femoral condyle, was implanted to repair the osteochondral defect (►Fig. 10).
He had no pain 2 months after the surgery. A MRI scan of his right wrist at 3 months postoperative showed good incorporation of the graft (►Fig. 11). A second-look arthroscopy under portal-site local anesthesia at 9 months revealed a stable osteochondral graft with preserved cartilage (►Fig. 12). There was a marginal increase in the junctional cleft between the graft and host cartilage. The kissing lesion over the proximal lunate remained unchanged. At the 68-months postoperative follow-up, he had no pain except for a mild ache after prolonged work. He maintained his job as a mechanic. X-ray images showed a normal radiolunate joint space (►Fig. 13). A grind test of his wrist did not reveal any joint crepitus. The grip strength increased to 50 kgf or 104.2% of the unaffected side. The combined extension/flexion range of the wrist was 140°(►Fig. 14). The surgical scar was inconspicuous (►Fig. 15). His wrist performance score was 40/40, and pain score was 0/20. He had no knee pain at the donor site. Fig. 9 Arthroscopy confirmed a full thickness focal osteochondral lesion of size 6 Â 8mm over the dorsal lunate fossa. 
Discussion
Cartilage lesions seldom heal spontaneously. Articular cartilage is an avascular and aneural soft tissue. The cellular components contribute to less than 10% of the tissue volume. Given the lack of an undifferentiated cell pool within the cartilage substance and the low mitotic activity of chondrocytes in the physiological status, the healing of even a small cartilage lesion can be extremely difficult. 8 Cartilage defects gradually lead to degeneration of the articular cartilage and osteoarthritis. Various surgical strategies have been developed in the last two decades trying to overcome this biological hurdle. These techniques have included Pridie drilling, 9 abrasion arthroplasty, and Steadman microfracture, 10 with an aim to produce blood clots at the subchondral bone, which in turn would promote fibrocartilagenous regeneration. The clinical outcomes of these methods varied and were unpredictable.
Other strategies included resurfacing with periosteal or perichondral grafts, 11 osteochondral autograft transplantation, 7 osteochondral allograft transfer, 12 and autologous chondrocyte implantation. The American Academy of Orthopaedic Surgeons recently published recommendations for treating chondral defects in the tibiofemoral joint. 13 They suggested use of osteochondral autograft for very small defects of < 2 cm 2 , microfracture for defect between 2 and 4 cm 2 , and autologous chondrocyte implantation (ACI) or osteochondral allograft for defect > 4 cm 2 .
The optimal treatment for chondral lesion in the wrist is controversial. This lesion has been recognized, however, as a common cause of wrist pain. It may result from osteochondral fractures, chronic carpal instability, or chondromatosis, or it may occur idiopathically.
14 Cheng, in reviewing the surgical treatment on 22 patients with chronic pain post distal radius fracture treatment, noted chondral lesions in 63.6% of them. Fifty percent of them involved the radiocarpal joint and occurred at the distal radius. 5 Culp et al described a modified
Outerbridge classification for chondral lesion in the wrist and recommended débridement and synovectomy for grade I-III lesions. 15 Grade IV lesions are treated with abrasion chondroplasty and subchondral drilling. Whipple reported a significant relief of symptoms in a small series following abrasion chondroplasty if the defect was smaller than 5 mm in size. 3 However, there are very few studies on the treatment of larger chondral lesions in the wrist. Small osteochodral autografts were used first for articular defects in the hand and more recently in the wrist.
16-19
Boulas et al first reported the use of osteochondral metatarsophalangeal autografts for traumatic articular metacarpophalangeal defects in five patients in 1993. 16 In the wrist Fig. 11 MRI of the right wrist at 3 months postoperative showed a good incorporation of the graft. Fig. 13 At 68 months postoperative, X-ray showed normal joint space at radiolunate interval. case of osteochondritis dissecans of the scaphoid treated with an osteochondral autograft. 23 . They used OATS to harvest a 6-mm graft from the lateral femoral condyle, which was press-fitted into the defect. There is no previous published report on an arthroscopic-assisted osteochondral graft as yet. In our series, the indication for an arthroscopic-assisted autogenous osteochondral graft included the highly localized nature of the osteochondral defect, all involving the lunate fossa. Extreme caution had to be exercised to avoid iatrogenic injury to the unaffected articular surface. This procedure may not be technically possible with defects involving central or more volar lesions, since it is very difficult or impossible to insert the instruments perpendicular to the articular surface. The technique is also contraindicated for diffuse or progressive cartilage disease and in the presence of active sepsis. In our series, there was no major complaint about pain at the donor site at the knee. This is probably due to the small size of the graft and the limited donor site defect created by utilizing only one or two osteochondral plugs, in contrast to the experience in the knee or ankle, where multiple plugs are generally required.
The rehabilitation program will be affected by any concomitant procedures. For a stable isolated press-fitted osteochondral graft, we consider strict immobilization of the wrist unnecessary and allow early active and passive wrist motion. Load bearing, however, should be avoided until there are clinical and radiological signs of graft incorporation, usually by 2-4 months postoperative.
In our experience an arthroscopic-assisted osteochondral autograft transfer is an effective option for the treatment of radiocarpal articular defects of over 5 mm in diameter. Due to limitation by the current instrumentation, the size of the osteochondral plug is restricted to 6 mm. In the future, more patients may be benefited if the instrument can be downsized so that multiple grafting is made possible. A larger patient sample and long-term outcomes are necessary to establish the effectiveness of this procedure. Fig. 14 The patient has good combined extension/flexion range of the wrist of 140°with no pain. Fig. 15 Inconspicuous scar over the right wrist.
